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(54) Lubricating oil composition for internal combustion engines 

(57) The present invention is a synthetic lubricating 
oil composition for internal combustion engines, which 
makes use of an ester-blended base stock and can fully 
exhibit effects of a molybdenum-base friction modifier, 
which comprises: 



a base stock obtained by blending an ester, which 
has a kinematic viscosity of from 8 cSt to 35 cSt at 
100°C and a saponification value of 200 mg-KOH/g 
or smaller, with a poly (a-olefin) and/or a highly- 
refined mineral oil, 

an organomolybdenum compound, and 
a zinc dithiophosphate. 
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Description 

Field of tlie Invention 

5 [0001] This invention relates to a lubricating oil composition for internal combustion engines, and more specifically to 
an ester-blended lubricating oil composition for internal combustion engines, which makes use of a blended base stock 
composed of an ester and a poly (a-olef in) and/or a highly-refined mineral oil and allows a molybdenum-containing fric- 
tion modifier to show its effects to maximum extent. 

10 Description of the Prior Art 

[0002] For a lubricating oil Ibr internal combustion engines of automotive vehicles or the like, which may hereinafter 
be called the "engine oil", diversified performance is required such as cooling of an inside of an engine, cleaning and 
dispersion of combustion products, and also prevention of rusting and corrosion in addition to lubrication of piston rings 
15 and a cylinder lining, bearings Ibr a crankshaft and connecting rod, and a valve-operating mechanism including cams 
and valve lifters. 

[0003] Moreover, keeping in step with the recent move toward internal combustion engines of higher performance and 
higher output for automotive vehicles, sliding parts are exposed to ever increasing more severe friction and abrasion 
conditions at high temperatures, leading to a demand for a lubricating oil capable of withstanding such extremely severe 

20 conditions. With a view to meeting this demand, synthetic lubricating oils making use of highly-refined mineral oils and 
ester base stocte and/or synthetic hydrocarbon base stocks excellent in oxidation stability, cleaning and dispersing 
properties and the like have been proposed as substitutes for conventional mineral oils. To cope with energy and envi- 
ronmental problems, however, it is indispensable for an engine oil to have fuel consumption saving ability. It has there- 
fore become extremely important for such engine oil to also have a small friction loss in an internal combustion engine. 

25 For the reduction of frictional loss, friction modifiers hence are being increasingly used. Organomdy-bdenum com- 
pounds, for example, molybdenum dialkyldithiocarbamates (MoDTC), oxymolybdenum diethylate amides and the like 
have been proposed [see Japanese Patent Publication (Kokoku) No. SHO 49-6392, Japanese Patent Application Laid- 
Open (Kokai) No. SHO 54-1 13604, Japanese Patent Application Laid-Open (Kokai) No. HEI 6-100879, etc.]. 
[0004] However, molybdenum-base friction modifiers carry with them the problems that they show extremely low fric- 

30 tion reducing effects when used in combination with ester-blended base stocks and that the effects of molybdenum- 
base action modifiers are substantially reduced in the presence of a phosphorus component such as a zinc dithiophos- 
phate, especially in the presence of such a phosphorus component at a high concentration. 

[0005] As has been explained above, there is a significant obstacle involved with the use of ester-blended base stocks 
as lubricating oils for internal combustion engines, said lubricating oils being required to have friction reducing effects, 
35 although they are excellent in oxidation stability, cleaning and dispersion ability and the like. 

[0006] An object of the present invention is therefore to provide a fuel -consumption-saving, synthetic lubricating oil 
composition of a low coefficient of friction, which allows a molybdenum-base friction modifier to show its friction reduc- 
ing effects to maximum extent in an ester-blended base stock. 

40 Summary of the Invention 

[0007] In view of the status of developments of fuel-consumption-saving lubricating oils as described above, the 
present inventors have proceeded with an extensive investigation. As a result, it has been found that use of a synthetic 
ester base stock of particular properties as a component of a lubricating oil composition makes it possible to highly 
45 exhibit the friction reducing effects of a molybdenum-base friction modifier. Based on this finding, the present invention 
has now been completed. 

[0008] The present invention relates to a lubricating oil composition for internal combustion engines, said composition 
containing an ester-blended base stock, an organomolybdenum compound and a zinc dithiophosphate, wherein said 
ester-blended base stock comprises: 

50 

an ester having a kinematic viscosity of from 8 cSt to 35 cSt at 1 0O^'C and a saponification value of 200 mg-KOH/g 
or lower; and 

a poly (a-olefin) and/or a highly-refined mineral oil. 

55 

[0009] Preferably, the present invention relates to a lubricating oil composition for internal combustion engines, com- 
prising: 
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a base stock composed of a blend of: 

at least one ester selected from the group consisting of diesters and polyol esters, each of which has a kinematic 
viscosity of from about 8 cSt to 35 cSt at 1 0Q°C and a saponification value of from 80 mg-KOH/g to 200 mg-KOH/g, 
5 and a poly (a-olefin) obtained by low-degree polymerization of an a-olef in and/or a highly-refined mineral oil having 

a sulfur content of 5 ppm or lower and an aromatic hydrocarbon content of 1 wt% or lower; and based on the whole 
weight of said lubricating oil composition, 

1 00 ppm to 1 ,000 ppm, in terms of molybdenum, of a molybdenum dithiocarbamate; and 

10 

800 ppm to 1 ,800 ppm, in terms of phosphorus, of a zinc dithiophosphate. 

[001 0] More preferably, the present Invention relates to a lubricating oil composition for internal combustion engines, 
comprising: 

15 

a blended base stock composed of: 

1 0 wt% to 30 wt% of an ester base stock having a kinematic viscosity of from 8 cSt to 35 cSt at 1 00°C and a sapon- 
ification value of from 80 mg-KOH/g to 200 mg-KOH/g, and 

20 

90 wt% to 70 wt% of a poly (a-olefin) base stock or a highly-refined mineral base stock; 
100 ppm to 1 ,000 ppm, in terms of molybdenum, of a molybdenum dithiocarbamate; and 
25 800 ppm to 1 ,800 ppm, in terms of phosphorus, of a zinc dithiophosphate. 
Detailed Description of the Invention 

[0011] Unique features of the present invention reside in the use of (i) an organic acid ester as a base stock in the 
30 lubricating oil composition for internal combustion engines and further in the selection and use, as the organic acid 
ester, of an organic ester having (ii) a saponification value of 200 mg-KOH/g or lower and (iii) a kinematic viscosity of at 
least 8 cSt at 100**C. The present inventors have found for the first time that the use of an organic acid ester having a 
saponification value and a viscosity in these ranges as a base stock in a lubricating oil composition for internal combus- 
tion engines makes it possible to fully exhibit the performance of a molybdenum-base friction modifier. 
35 [001 2] The ester useful as a component of the lubrication oil composition according to the present invention for inter- 
nal combustion engines is selected from organic acid esters, for example, from the group consisting of diesters includ- 
ing dimer acid esters, polyol esters and complex esters, said esters having a kinematic viscosity of from 8 cSt to 35 cSt 
at 1 00°C and a saponification value of 200 mg-KOH/g or lower. 

[0013] Preferred examples of diesters usable in the lubricating oil composition of the present invention for internal 

40 combustion engines are diesters in which the total number of carbon atoms is 38 or greater. No particular limitation is 
imposed on the diesters, insofar as their total carbon numbers as defined above are 38 or greater and they are available 
through esterif ication reactions between dibasic acids and alcohols. Those obtained by bonding between aliphatic diba- 
sic acids having 4 to 40 carbon atoms and alcohols having 4 to 24 carbon atoms can be used. Preferred examples of 
aliphatic dibasic acids having 4 to 40 carbon atoms can include succinic acid, glutaric acid, adipic acid, pimelic acid, 

45 suberic acid, azelaic acid, sebacic acid, undecanoic diacid, dodecanoic diacid, tridecanoic diacid, and dimer acids. 
Dimer acids are typically identified in the trade as dicarboxylic acids usually containing about 36 carbons. Among alco- 
hols having 4 to 24 carbon atoms, preferred examples can include n-butanol, isobutanol, n-pentanol, isopentanol, n- 
hexanol, 2-ethylbutanol, cyclohexanol, n-heptanol, isoheptanol, methylcyclohexanol, n-octanol, dimethylhexanol, 2- 
ethylhexanol, 2,4,4-trimethylpentanol, isooctanol, 3,5,5-trimethylhexanol, isononanol, isodecanol, isoundecanol, 2- 

50 butyloctanol, tridecanol, isotetradecanol, isopentadeccanol, isohexadecanol, isohepta-decanol, isooctadecanol, iso- 
nonadecanoi, isoeicosanol, and isotricosanol. Also usable are their dialcohols and diols of polyalkylene glycols. 
[001 4] As organic acid esters of another type usable as base stocks in the lubricating oil composition of this invention 
for internal combustion engines, polyol esters can be mentioned. These polyol esters are synthetically prepared from a 
neopentyl polyol having 5 to 10 carbon atoms and an organic acid having 4 to 24 carbon atoms. The term "neopentyl 

55 polyol" as used herein means a polyhydric alcohol having a neopentyl group. Illustrative are 2, 2-dimethylpropane-1 , 3- 
diol, (namely, neopentyl glycol), 2-ethyl-2-butylpropane-1, 3-diol, 2,2-diethylpropane-1 ,3-diol, 2,2-dibutylpropane-1,3- 
diol, 2-methyl-2-propylpropane-1 ,3-diol, trimethylolpropane, pentaerythritol and dipentaerythritol. Preferred are neo- 
pentylglycol, 2-methyl-2 peopylpropane-1 ,3-diol, trimethylolpropane and pentaetythritol, with trimethylolpropane and 
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pentaerythritol being particularly preferred. 

[0015] Examples of the organic acid can include butanoic acid, isobutanoic acid, perttanoic acid, isopentanoic acid, 
hexanoic acid, 2-ethylbutanoic acid, cyclohexanoic acid, heptanoic acid, isoheptanoic acid, methylcyclo-hexapoic acid, 
octanoic acid, dimethyl-hexanoic acid, 2-ethylhexanoic acid, 2,4,4-trimethyl-pentanoic acid, isooctanoic acid, 3,5,5-tri- 
5 methylhexanoic acid, nonanoic acid, isononanoic acid, isodecanoic acid, isoundecanoic acid, 2-butyloctanoic acid, tri- 
decanoic acid, tetradecanoic acid, hexadecanoic acid, heptadecanoic acid, octadecanoic acid, 2-ethylhexadecanoic 
acid, nonadecanoic acid, 2-methyloctadecanoic acid, icosanoic acid, 2-methylicosanoic acid, 3-methylnonadecanoic 
acid, docosanoic acid, tetradocosanoic acid, 2-methyl-tricosanoic acid, and oleic acid. 

[0016] A preferred trimethylolpropane ester is one having 54 or more carbon atoms as the total number of carbon 
10 atoms in its acid and alcohol, and a preferred pentaerythritol ester is one having 77 or more carbon atoms as the total 
number of carbon atoms in its acid and alcohol. 

[001 7] The synthesis of a neopentyl polyol ester from an organic acid and a neopentyl polyol can be performed by a 
method known per se in the art, for example, by subjecting them to dehydrating condensation in the presence of an acid 
catalyst. 

15 [001 8] For use in the present invention, the above-described diesters and polyol esters possess a kinematic viscosity 
range of from 8 cSt to 35 cSt. A kinematic viscosity range of from 8 cSt to 24 cSt is preferred. 
[001 9] An ester base stock, the kinematic viscosity of which does not reach 8 cSt at 1 00°C, has been found impossible 
to provide sufficient friction reducing effects even if its saponification value is 200 mg-KOH/g or lower. 
[0020] Further, the ester base stock has a saponification value of 200 mg-KOH/g or lower, preferably of from 80 mg- 

20 KOH/g to 200 mg-KOH/g. A saponification value higher than 200 mg-KOH/g cannot exhibit the friction reduction effects 
of the molylDdenum-base friction modifier, so that the coefficient of friction is not lowered sufficiently. On the other hand, 
a saponification value lower than 80 mg-KOH/g leads to an increase in the coefficient of friction at a high oil tempera- 
ture, thereby making it difficult to achieve the object, namely, a saving in fuel consumption. 

[0021] The term "saponification value" as used herein means a value measured in accordance with the saponification 

25 value testing method specified under K2503 of the Japanese Industrial Standard (J IS). 

[0022] The poly (a-olef in) base stock which can be employed as another component in the lubricating oil composition 
of the present invention for internal oil combustion engines is an a-olefin oligomer which is available by low-degree 
polymerization of an a-olefin containing a double bond at an end thereof as a raw material. A suitable example of the 
poly (a-olefin) is a polymer which is in a liquid form in an ordinary state and is available by decomposition of a wax or 

30 by low-degree polymerization of a lower olefin, specifically by copolymerization of an a-olefin mixture having 6-14 car- 
bon atoms and available by trimerization to dodecamerization of such a lower olefin. Usable examples of the a-olefin 
mixture can include those containing 25 wt% to 50 wt% of hexene-1 , 30 wt% to 40 wt% of octene 1 . and 25 wt% to 40 
wt% of decene-1. Also preferred are poly (a-olef ins) each of which is available by polymerizing, as a raw material, a 
single monomer such as an a-olefin having 10 carbon atoms, specifically decene-1. Such poly (a-olefin) base stock 

35 possesses a kinematic viscosity of from 3 cSt to 20 cSt at 1 00°C. A kinematic viscosity of from 4 cSt to 1 0 cSt at 1 00°C 
is preferred. 

[0023] The highly-refined mineral oil which can be employed as a base stock in the lubricating oil composition of this 
invention for internal combustion engines has a kinematic viscosity of from 3 cSt to 20 cSt, preferably from 4 cSt to 10 
cSt at 100°G, a sulfur content of 5 ppm or lower, preferably 2 ppm or lower, and an aromatic hydrocarbon content of 1 

40 wt% or lower, preferably 0.5 wt% or lower. 

[0024] Any process can be used for the preparation of the above-described highly-refined mineral oil. For example, a 
highly-refined mineral oil, especially a highly hydro-refined oil can be obtained specifically by subjecting lubricating oil 
fractions, which are derived from a paraffin-base crude oil or a neutral crude oil by atmosphere distillation or vacuum 
distillation, to hydro-refining or hydrocracking and then treating the resulting oil by a lubricating oil refining method such 

45 as solvent extraction, solvent dewaxing or catalytic dewaxing, or clay treatment. Selection of reaction conditions for 
hydro-refining or hydrocracking makes it possible to obtain a highly-refined mineral oil with its sulfur content and aro- 
matic hydrocarbon content set in the above-described specific ranges. 

[0025] The aromatic hydrocarbon content and naphthenic hydrocarbon content in the highly-refined mineral oil were 
measured by the n-d-M method specified under ASTM-D3238. 

50 [0026] The blended base stock in the present invention is (1 ) a blend of an ester base stock with a poly (a-olefin) base 
stock or a highly-refined mineral oil, or (2) a blend of an ester base stock, a poly (a-olefin) base stock and a highly- 
refined mineral oil. Hereinafter the phrase poly (a-olefin) base stock and/or highly refined mineral oil is meant to 
embrace the use of either such base stock individually with the aforesaid ester base stock or the use of both the poly 
(a-olefin) and mineral oil in combination with the ester base stock. The blended base stock contains, based on the 

55 whole weight of the base stock, 10 wt% to 30 wt% of the above-described ester and 30 wt% to 70 wt% of the poly (a- 
olefin) and/or the highly-purified mineral oil. An ester content lower than 10 wt% carries with it a potential problem that 
the coefficient of friction may increase at high temperatures, and on the other hand, an ester content higher than 30 wt% 
tends to cause a problem such that the friction reducing effect of the organomolybdenum compound may be impaired. 
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[0027] Further, the saponification value of the blended base stock of the ester with the poly (a-olefin) and/or the 
highly-refined mineral oil may preferably fall within a range of from 10 mg-KOH/g to 60 mg-KOH/g. 
[0028] Examples of the organomolybdenum compound employed in the lubricating oil composition of the present 
invention for internal combustion engines can include molybdenum dithiophosphates (MoDTP), molybdenum dithiocar- 
bamates (MoDTC), and oxymolybdenum ethylate amides. Preferred are molybdenum dithiocarbamates (MoDTC), 
which can be represented, for example, by the following formula [I]: 



10 



15 



I R' 



\ 



N- 



S M02S.nOn 



[I] 



l2 



[0029] In the above formula [I], R"* and are hydrocarbon groups having 1 to 30 carbon atoms and may be the same 
or different. Further, m and n are integers of 0 or greater and wherein the sum of m+n is 4. As the hydrocarbon groups, 

20 linear or branched alkyi groups are preferred. The content of such an organomolybdenum compound is in a range of 
from 100 ppm to 1 ,000 ppm, preferably from 400 ppm to 900 ppm in terms of molybdenum based on the whole weight 
of the lubricating oil composition, within which its performance can be exhibited to maximum extent. If the content does 
not reach 100 ppm, the friction reducing effect is not sufficient. On the other hand, even if the content exceeds 1,000 
ppm, the friction reducing effect is not available to such an extent as corresponding to the increased content. 

25 [0030] Zinc dithiophosphates usable in the lubricating oil composition of the present invention for internal combustion 
engines are represented by the following formula [II]: 



30 




35 



[0031] In the formula, R^ and R^ are hydrocarbon groups having 3 to 20 carbon atoms, and may be the same or dif- 
ferent. Usually zinc dithiophosphates in each of which R^ and R^ are the same can be used either singly or in combi- 

40 nation. As the hydrocarbon groups, alkyI groups are preferred. 

[0032] The content of the zinc dithiophosphate can be in a range of from 800 ppm to 1 ,800 ppm, preferably 900 ppm 
to 1 ,500 ppm in terms of phosphorus based on the whole weight of the lubricating oil composition. 
[0033] According to the present invention, the friction reducing effect is not impaired even if the concentration of phos- 
phorus is increased, so that the zinc dithiophosphate can be used in an effective amount as much as needed. This has 

45 made it possible to provide a lubricating oil composition offering performance in both wear resistance and friction reduc- 
tion. 

[0034] To the lubricating oil composition according to the present invention, a metallic detergent can be added further 
as desired. As the metallic detergent, an overbased salt having a total base number of 150 mg-KOhl/g is suited. Illus- 
trative of the overbased salt are the phenates, salicylates and sulfonates of alkaline earth metals, including, as specific 
50 examples, calcium phenate, calcium salicylate, calcium sulfonate, magnesium phenate, magnesium salicylate, magne- 
sium sulfonate, barium phenate, barium salicylate, and barium sulfonate. Of these, calcium sulfonate and calcium sali- 
cylate are particularly suited. 

[0035] These metallic detergents can be used in an amount of from 0.1 wt% to 5 wt% in terms of the metal, for exam- 
ple, calcium, based on the whole weight of the lubricating oil composition. 
55 [0036] To the lubricating oil composition according to the present invention, it is possible to add various other additives 
insofar as the advantageous effects of the present invention are not impaired. It is possible to add additives effective for 
imparting improved properties and performance required for lubricating oils for internal combustion engines, for exam- 
ple, viscosity index improvers, pour-point depressants, oxidation inhibitors, ashless dispersants, wear inhibitors, rust 
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preventives, and the like. 

[0037] Illustrative examples of the viscosity index improvers can include polymethacrylates, polyisobutylenes, ethyl- 
ene-propylene copolymers, and hydrogenated styrene-butadiene copolymers. The lubricating oil composition of the 
present invention for internal combustion engines has good viscosity characteristics by itself so that the addition of a 

5 viscosity index improver is not absolutely needed. Nonetheless, a viscosity index improver can be added as desired. 
When used in racing engines, however, it should be added in an amount smaller than a usual amount, for example. In 
an amount of 10 wt% or less, preferably 7 wt% or less, more preferably 5 wt% or less to suppress coking. 
[0038] Illustrative examples of the oxidation inhibitors include amine-type oxidation inhibitors such as alkylated diphe- 
nylamines, phenyl-a-naphthylamines and alkylated a-naphthylamines; hindered phenolic oxidation inhibitors such as 

10 2,6-di-t-butylphenol, 2,6-di-t-butylparacresol and 4,4'-methylenebis (2,6-di-t-butyl-phenol); phosphorus-containing oxi- 
dation inhibitors; and sulfur-containing oxidation inhibitors such as monosutfides and polysulfides. They can be used 
normally in a proportion of from 0.05 wt% to 2 wt%. 

[0039] Illustrative examples of the ashless dispersants include polyalkenyl-succinimides and boron-containing poly- 
alkenylsucccinimides. They can be used in a proportion of from 1 wt% to 1 0 wt%. 
15 [0040] The present invention has been described in detail above. As preferred embodiments of the present invention, 
synthetic lubricating oil compositions for internal combustion engines, said compositions being of the following formulas 
and properties, can be furnished. 

Base stock 

20 

[0041] 



- (C15-C18) Aliphatic acid 


15wt%to 25wt% 


trimethylolpropane ester 




Kinematic viscosity at 100**C: 10- cSt to 15 cSt 




Saponification value: 100 mg-KOH/g to 150 mg-KOH/g 




- Poly (a-olefin) 


85 wt% to 75 wt% 


Kinematic viscosity at 1 00'*C: 4 cSt to 6 cSt 





35 Additives 
[0042] 



Molybdenum di (2-ethylhexyl) dithiocarbamate (CsMoDTC): 


0.8wt%to1.2wt% 


Zinc di (secondary Cs-Cg alkyi) dithiophosphate (2ryZnDTP): 


1 wt% to 2 wt% 


Boron-containing polybutylenylsucccinimide: 


0.01 wt%to 1 wt% 


Over-based calcium salicylate: 


0.1 wt%to5wt% 


2,6-Di-t-butylcresol: 


0.05 wt%to2wt% 


Polymethacrylate: 


0.05wt%to7wt% 


Silicone: 


0.001 wt%tO 0.004 wt% 



[0043] Lubricating oil compositions of this invention for internal combustion engines, which have been prepared as 
described above, can withstand particularly severe use conditions and are hence suited for racing cars. 

55 

Examples 

[0044] The present invention will next be described by Examples and Comparative Examples. 
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[0045] The following are measuring methods of characteristic values. 
(1) Saponification value [J IS K2503 (indicator titration method)] 

5 [0046] Saponification value represents a mass (mg) of potassium hydroxide required to saponify 1 g of a sample, and 
is measured by the following method. 

[0047] 2-Butanone is added to a sample to dissolve the sample. A known-amount of a solution of potassium hydroxide 
in ethanol is next added, followed by heating under reflux to achieve saponification. The resultant mixture is titrated with 
a standard hydrochloric acid solution to determine an amount of consumed potassium hydroxide. The saponification 
10 value of the sample is then calculated. The calculation is performed in accordance with the following formula: 

S [III] 

IS 

where, 

S: Saponification value (mg-KOH/g) 

V-|: Amount of HCI solution required for blank determination (m^) 
20 Vg: Amount of HCI solution required in the titration of the sample (m/) 
C: Molar concentration of HCI solution {mo\/£) 
W: Weighed amount of the sample (g) 



25 



(2) SRV friction coefficient 

[0048] A friction coefficient is measured under the following reaction conditions by using a reciprocating friction tester. 

Testing condition? 

30 [0049] 

Load. N 400 

Oil temperature, X 40°C, 80°C, 1 20*^C 

Frequency, Hz 50 

35 Amplitude, mm 1 .5 

Time, min 5 to 10 

Example 1 

40 [0050] A blended base stock was prepared consisting of 80 wt% of a poly (a-olef in) having a kinematic viscosity of 4 
cSt at 100**C and 20 wt% of a Cs alcohol-dimer acid ester having a kinematic viscosity of 13.2 cSt at 100°C and a 
saponification value of 142 mg-KOH/g. The blended base stock had a kinematic viscosity of 4.8 cSt at 100°C and a 
saponification value of 28.4 mg-KOH/g. To the blended base stock, 1 .2 wt% of molybdenum di (2-ethylhexyl) dithiocar- 
bamate (CgMoDTC) and 1 .5 wt% of zinc di (secondary iso-Cs/iso-Cg) dithiophosphate were added based on the whole 

45 weight of a lubricating oil composition. Further, a boron-containing succinimide (ashless cleaning dispersant), over- 
based calcium salicylate (metallic detergent), 2,6-di-t-butylphenol (oxidation inhibitor), a polymethacrylate (dispersion- 
type viscosity index improver) and a silicone (antifoaming agent) were added as shown in Table 1 . whereby the lubri- 
cating oil composition was prepared. The SRV friction coefficient of the lubricating oil composition was measured. The 
results presented in Table 1 were obtained. 



50 



Example 2 



[0051] A lubricating oil composition was prepared in a similar manner as in Example 1 except for the use Cig trimeth- 

ylolpropane ester (CisTMP) in place of the Cs alcohol-dimer acid ester. The blended base stock had a kinematic vis- 
55 cosity of 4.8 cSt at 100°C and a saponification value of 36 mg-KOH/g. Measurement results of the SRV friction 
coefficient of the lubricating base stock are presented in Table 1 . 
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Comparative Example 1 

[0052] Blended were 53 wt% of a poly (a-olef in) having a kinematic viscosity of 4 cSt at 1 00°C and 47 wt% of a poly 
(a-olefin) having a kinematic viscosity of 6 cSt at 100°C, whereby the kinematic viscosity of a blended base stock was 
5 adjusted to 4.8 cSt at 100°C. The kinds and amounts of the additives were exactly the same as in Example 1 . Meas- 
urement results of the SRV friction coefficient of the lubricating oil composition are presented in Table 1. The friction 
coefficient at a high temperature (120''C) is large, thereby indicating that use of one or more poly (a-olef ins) alone has 
a drawback in high-temperature friction characteristics. 

10 Comparative Example 2 

[0053] Blended Into a base slock having a kinematic viscosity of 4.8 cSt at 100°C were 85 wt% of a poly (a-olefin) 
having a kinematic viscosity of 4 cSt at 100°C and 15 wt% of a poly (a-olefin) having a kinematic viscosity of 20 cSt at 
100°C. The kinds and amounts of the additives were the same as in Example 1 . Measurement results of the SRV fric- 
15 tion coefficient are presented in Table 1 . 

Comparative Example 3 

[0054] To a base stock having a kinematic viscosity of 4.8 cSt at 100°C and obtained by blending 44 wt% of a poly 
20 (a-olef In) having a kinematic viscosity of 4 cSt at 100°C, 39 wt% of a poly (a-olef In) having a kinematic viscosity of 8 
cSt at 100°C and 1 7 wt% of dioctyl sebacate together, the additives shown in Table 1 were added in the respective pro- 
portions also shown in the same table. 

Comparative Examples 4-7 

25 

[0055] Two types of poly (a-olefins), which had kinematic viscosities of 4 cSt and 6 cSt at 100°C, respectively were 
blended in the proportions shown in Table 1 , to which the Cg acid-trimethylolpropane ester (CgTMP) was then blended 
in the proportions shown in the same table to prepare blended base stocks having a kinematic viscosity of 4.8 cSt at 
100°C. In the respective Comparative Examples, the additives were the same in both kinds and amounts. The Cs acid- 
30 trimethylolpropane esters added to the base stocks prepared In Comparative Examples 4-7 all had a saponification 
value of 328 mg-KOH/g. Measurement results of their SRV friction coefficients are presented In Table 1 . 

Comparative Example 8 

35 [0056] As Is shown in Table 1,15 wt% of a poly (a-olef In) having a kinematic viscosity of 4 cSt at 1 00°C, 65 wt% of a 
poly (a-olefin) having a kinematic viscosity of 6 cSt and 20 wt% of a Cis acid-Cg alcohol monoester were blended to 
prepare a blended base stock having a kinematic viscosity of 4.8 cSt at 100°C. To the blended base stock, the same 
additives as in Example 1 were added in the respective proportions presented in the same table. 
[0057] As Is seen from the above Examples and Comparative Examples, the use of an ester base stock having a kin- 

40 ematic viscosity of 8 cSt or higher and a saponification value of 200 mg-KOH/g or lower makes It possible to obtain a 
synthetic lubricating oil composition having high friction reducing effect. (Table 1) 

[0058] According to the invention, the use of a blended base stock of an ester with a poly (a-olefin) and/or a highly- 
refined mineral oil, said ester having a kinematic viscosity of 8 cSt or higher at 100°C and a saponification value of 200 
mg-KOH/g or smaller, makes it possible to exhibit the friction reducing effect of a molybdenum-base friction modifier to 
45 maximum extent and hence to provide a lubricating oil composition with a significantly lowered friction coefficient. In 
particular, the blended base stock can fully exhibit the friction reducing effect in a high-phosphorus oil. 
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Claims 

1. A lubricating oil composition for internal combustion engines, said composition comprising an ester-blended base 
stock, an organomolybdenum compound and a zinc dithiophosphate, wherein said ester-blended base stock com- 

5 prises: 

an ester having a kinematic viscosity of from 8 cSt to 35 cSt at 100°C and a saponification value of 200 mg- 
KOH/gor lower; and 

10 a poly (a-olefin) and/or a highly-refined mineral oil. 

2. The lubricating oil composition of claim 1 wherein the ester blended base stock comprises 10 to 30 wt% based on 
the whole weight of the base stock of an ester base stock having a kinematic viscosity of from 8 cSt to 35 cSt at 
1 00°C and a saponification value of about 200 mg-KOH/g and less, and 90 to 70 wt% of a poly (a-olefin) base stock 

IS and/or a highly refined mineral base stock. 

3. The lubricating oil composition of claim 2 wherein the ester blended base stock comprises 10 to 30 wt% based on 
the whole weight of the base stock of at least one ester selected from diesters and polyol esters, each of which has 
a kinematic viscosity of from about 8 cSt to 35 cSt at 100°C and a saponification value of from 80 mg-KOH/g to 200 

20 mg-KOH/g, and 90 to 70 wl% based on the whole weight of the base stock of a poly (a-olefin) obtained by low- 
degree polymerization of an a-olefin, and/or a highly-refined mineral oil having a sulfur content of 5 ppm or less and 
an aromatic hydrocarbon content of 1 wt% or less. 

4. The lubricating oil composition of claim 1, 2 or 3 wherein the organomolybdenum compound is present in an 
25 amount in the range of 100 ppm to 1 ,000 ppm in terms of molybdenum and the zinc dithiophosphate is present in 

an amount in the range of 800 ppm to 1 ,800 ppm in terms of phosphorus. 

5. The lubricating oil composition of any preceding claim wherein the organomolybdenum compound is molybdenum 
dithiocarbamate of the formula 

30 



35 




[II 



40 wherein R1 and R2 are the same or different CI to C30 hydrocarbon group and m and n are integers of 0 to 4 but 
wherein the sum of m -i- n is 4. 

6. The lubricating oil composition of any preceding claim wherein the blended base stock of the ester with the poly (a- 
olefin) and/or highly refined mineral oil has a saponification value in the range of about 10 mg-KOhl/g to 60 mg- 

45 KOH/g. 

7. A method for lowering the coefficient of fiction of a synthetic lubricating oil containing an ester based lubricating oil 
base stock, an organo-molybdenum compound and a zinc dithiophosphate, said method comprising using as the 
ester based lubricating oil base stock a mixture of an ester having a kinematic viscosity of from 8 cSt to 35 cSt at 

50 lOO'^C and a saponification value of 200 mg-KOH/g or less and a poly (a-olefin) and/or a highly refined mineral oil 
wherein said ester comprises 10 to 30 wt% of said ester based lubricating oil base stock. 
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